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ABSTRACT

The influence of a magnetic field upon
a gas discharge laser has been investigated.
The magnetic field changes the spatial, and
energy distribution of the electrons and
therefore influences the light output of the
laser. Experiments show that this effect
may be useful for adjustment and modulation
of the laser emission.
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INFLUENCE OF A D.C. AND A.C. 14AGNETIC FIELD.
UPON A GAS DISCHARGE LASER

.1. INTRODUCTION

The recent development of continuous wave gaseous lasers1 2,'3 opens up a
number of interesting applications for Laboratory experiments. Here as well
as in the communications aspect the problems of modulation, intensity adjust-
ment and intensity control are important. In the following we present some
experiments in which we studied the influence of a magnetic field upon the
light output of a gas laser. The results indicate that a magnetic field can
be used to adjust and modulate the light output of the laser.

2. EXPERIMNTAL SETUP

In all experiments we used a Perkin-Elmer Spectra-Physics gas phase
laser. Its specifications are:

Resonator: 60 cm fused silica plasma tube with Brewster angle
windows and multilayer dielectric coated confdcal re-
flectors of high optical quality fused silica. Active
medium is a mixture of He and Ne.

Output: Wavelength 11530 or 6328A, linearly polarized. Laser
radiates a spherical wavefront at each end. Beam diver-
gence is less than five minutes of an arc when colli-
mated. Beam diameter is 4 mm at the end of the tube.
Output energy is approximately 1 mW.

For excitation we used an rf oscillator (Mc range) capacitively or in-
ductively coupled. No effort has been made to measure the high frequency
coupling and to correct for the change in coupling produced by the changing
impedance in the presence of a magnetic field. In general the latter effect
was small.

For detection we used either an RCA 6914 image converter IP21 photomultf-
plier recorder system, or an RCA 7102 photgmultiplier together with an os il-
loscope with the proper filters (at 11530 X) or a monochromator (at 6328
Fig. 1 and 2 show the details.

3. SOME THEORETICAL CONSIDERATIONS

A magnetic field will affect the emission of a gas discharge laser in
three ways: influence upon the line emission (Zeeman splitting), upon the
light propagation (Faraday rotation) and upon the discharge mechanism (energy
and particle balance).

3.1

Even at low magnetic fields (order of 1 gauss) there is a measurable
Zeeman splitting which gives rise to amplitude modulated light, the frequency
of which depends on the field Strength.4 This effect provides a method for
frequency modulation. It disappears when the rf magnetic field becomes of the



same order of magnitude as the d.c. field. Measurement of this effect is not

considered here.

3.2

The electric vector of an electromagnetic wave propagating along the mag-
netic field lines in a medium will be rotated according to Verdet's law:

x =V.H

where X = angle of rotation

V Verdet's constant [ang. mir/gauss.cm]

geometrical path

H = magnetic field strength.

For He at 1 nm. Hg and 57"dg V = 510 (Ref. 5)

He at 0.1 mm Hg and 57SO0 V = 1.10 "  ( " 5)

? smV= 2.T ...+Ln.L.) ejI-,~ 1-36
mc W 6,

here X = xwavelengCIth

n(±) indax of refraction for right and left polarized wave

r11

w 0 = nlasma frequenc /.rrcA/

w c = electron c%clotzon frequency

n_ = electron density (order 1011 electrons/cm3 )

X = 11530 '

Other constants in the usual nomenclature.

The Faraday rotation w:ill be modilcird because of the multiple reflection
by then mirrors. Using a simplified rodel and neglecting an, mode consider-
ations 7 we count the energy which leaks through the mirror (Fig. 3).



If r coefficient of reflection of the mirror

t coefficient of transmission

r4 , r. coefficient of reflection }of Brewster angle window;
to , t/. coefficient of transmission

, Ij. intensity of wave parallel and perpendicular to plane of incidence
on the Brewster angle window

qangle of rotation after one passage,

the contribution from I, is

III to t - I, tu 3 r(cos 20)t + I to 5 r 2 (cos 2CD)t + .... -

I. t. t t 2v)(cos2qo)V = I. t,1 t " II II it tt 11 1 - r t ,i 2c o s Z "P

V=O

In addition we have a perpendicular component which will be rotated and there-
by produces a parallel component.

After the first passage it is:

I t 2 r(sin2)t, t + I t 2 r(sin ')tr t cos 2 + ....

- 1
ItL2(sin2,)t , rt •

After the second passage:

I t-r2 (cos2 M sin 2 0) tI t + ILt 4r2 (cos2 Cn sin tp)t,, 3rt cos 2  ,...
I :LS2

ILt 4r2 (cos 2 0 sin20)t t*,. 2c,

and so on.

Summing up one obtains

it = r + 1L r sin29

it 2-tICos~c II lt12o~p 1

Similarly,

J. = 1-rt z cos p " I -ftu 2cos q I t 4 r sint 2•

3



The overall change in intensityYjj(H) + Y.L (H)
Y (H) , (H = o) + (H = o)

equals

(i-r) (1-rt2) rt2 cos2 ) + t±(1-r cos 2 ) + (1 + t,)rt,sinc}

( (H) (1 tQ(1-rt9)(1-r cos2p)(1-rt 2 cOs2Cp)

The result of this consideration is that in the arrangement used, the Faraday
rotation yields a decrease in light intensity. Numerical evaluation shows
that our results in Section 4 cannot be explained by Faraday rotation. (In a
solid-state laser this might be a very interesting effect).

3.3

No work has been done as far as the authors know studying the light
emission of a high frequency discharge and its change in the presence of a
magnetic field. However, it is interesting to compare the results of similar
measurements in 4 d.c. discharge.8'9 "10 ' The magnetic field will retard the
outward flow of the electrons by diffusion (in the pressure range 0.1 to 10 rm
Hg the loss of electrons and ions is due mainly to ambipolar diffusion). The
electron concentration in the center therefore increases and their energy de-
creases. This is properly reflected in the intensity of the light emission.
Further on, as the current density is increased the influence of the magnetic
field decreases. This overall behavior is connected with the relations given
below.

3.31

A magnetic field reduces the diffusion to the wall and increases the con-
centration of the electrons in the center:

D = D A  " . V

H
where D ambipolar diffusion coefficient with a magnetic field

W,= eB/p, cyclotron frequency of ions or electrons

= N1Q(v) = collision frequency of ions or electrons

N = number of collision partners/cm3

v = relative velocity between colliding particles

Q = collision cross section

4



3.32

Application of a magnetic field reduces the total fractional loss ic for
an electron in a collision. This reduction in K reduces the electron tem-
perature T

1~ 0 ~as Hincreases.T elastic "inelastic +wall wall

3.33

At higher current densities the influence of the magnetic field decreases.
One possible explanation is that at hi her current density electron-ion col-
lisions come into play and influence Dj.

In consequence the change in the light emission as a function of the mag-
netic field will show a rather complex behavior. A quantitative calculation
of the effect has to include all processes of excitation and destruction of
atomic levels: and is not possible due to the lack of sufficient information.
A similar complex behavior is expected in the case of a gas discharge laser.

4. RESULTS

In Fig. 4 we show the relative laser intensity as a function of a longi-
tudinal magnetic field. Parameters: X = 11530R; capacitive coupling; homoge-
innus field. At low electron densities n the emission drops to zero at 160
(the remaining intensity is fluorescent light passing through the imperfect
filter). At a higher electron concentration at higher energy input a larger
magnetic field is necessary to reduce the light intensity towards zero.

In Fig. 5 we study the dependence of this effect on the polarity of the
magnetic field. Here we use two magnetic coils (81 turns, . = 21 cm, diameter
20 cm) placed 17 cm apart, and measure the light emission in a parallel and
antiparallel field. Parameters: X = 11530, capacitive coupling. No essential
change compared to Fig. 4 can be found.

Fig. 6 indicates that the effect is independent of the type of coupling.
Parameter: X = 1153d ; inductive coupling; homogeneous field.

Fig. 7 shows the same measurement at a different laser frequency: X
6328, inhomogeneous field, capacitive coupling. The light intensity does not
go up first - in contrast to the other measurements - and shows a more complex
relationship. Part of it is probably due to the magnetization of the mounting
used in this case.

In conclusion, the laser emission depends on electron concentration n
(which is a function of oower input) and the magnitude of the magnetic field.
At low electron concentration the entire laser radiation can be easily sup-
pressed. The influence of the magnetic field is reduced if the electron con-
centration is increased. The general behavior is independent of the direction
of the magnetic field (no Faraday rotation) and the type of high frequency ex-
citation (TE -Wode.-or-I de).

._5



In Fig. 8 we show the change in light emission for a slowly varying mag-
netic field (60 cycle) and indicate how this can be derived from the knowledge
of the d.c. case. There is almost no difference between d.c. and a.c. case.

If the frequency and the intensity of the magnetic field arvsufficiently
high, high frequency excitation and magnetic field effects will overlap. In
Fig. 9 the effect of a current pulse on the laser (inductive coupling) is
shown. In the observed range light intensity versus current amplitude is
roughly quadratic. Placing the laser in a static magnetic field influences
the shape of the light pulse as shown in Fig. 10i the time integrated result
of which we have seen in Fig. 6.

5. CONCLUSION

If we assume that the general picture of the influence of a magnetic
field upon a d.c. discharge as described in 3.3 applies similarly to a laser
discharge we find the behavior of the laser emission as a function of. a mag-
netic field plausible. However, a great amount of additional information is
necessary to derive a quantitative description of the phenomena involved and
pertinent measurements are planned. From a practical point of view the ef-
fect can be useful in a number of applications.
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